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Effect of hemorrhage on cell apoptosis in hippocampal
CA1 region of rats under controlled hypotension

DUAN Bin, CAI Hongwei, YANG Wenjie

( Department of Anesthesiology , Xiangya Hospital , Central South University , Changsha 410008 , China )

Abstract: Objective To explore the effect of hemorrhage on cell apoptosis in the hippocam-
pal CA1 region of rats under controlled hypotension ( CH) . Methods A total of 36 Sprague Dawley
rats were randomly divided into 2 groups: Group C ( with no CH) and Group H ( with CH) . Accord-
ing to different ratios of blood loss to total blood volume, Group C and Group H were redivided into 6
subgroups (6 in each group) :C, ,H, (10% );C,,H, (20% ) ; C,,H, (30% ). Induced by so-
dium nitroprusside and esmolol, the mean aterial pressure in Group H was decreased to 50 ~55 mm-
Hg and kept for 10 minutes, and then blood loss was started, keeping the pump speed. Without
CH, the same style of hemorrhage was performed in Group C. The aterial pressure was increased 60
minutes later after the hemorrhage. Expression of bel-2 and caspase-3 protein was detected by immu-
nohistochemical method , and apoptosis cells were detected by TUNEL staining. Results The average
optical density of bcl-2 and caspase-3 was higher in Group H; than that in Group C; (P <0.05).
There were more apoptosis cells examined by TUNEL in Group H, than in Group C; (P <0.05).
Conclusion Thirty percent blood loss under controlled hypotension can induce cell apoptosis in hipp-
ocampal CA1 region in rats.
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Jii . 9 iR 2l R A R A L I RE R AR
i ¥ VA A TR S S AR PP AR o AR B 5 A 4
RO T R, WL A B A2 S SR R )
Jie 393 18] A [v) 72 B2 2% M J& K i i ke aff, 55 1F /9 2 2
AR A I TR ORI X 2 AL ) TR 32 BE T o

1 #R 5%

1.1 ZBRapHEHH

it R T T AR EPE SD R B 36 L, A i i
260 ~350 g, BEHL I3 X B (C 20 ) Fn 4 i M B
4 (H ), & 2N 5 2% i i o 4 B I 28 & A9 i
AR &4 34 C L H 4(10%4]);C,,
H, 41(20% 41) ;C, ,H, 41 (30% 4) , 46 H,
1.2 ZHHpERES

10% K& AW W EREE, IR A E k. A
W JBE 3l Jok A, R T 0 s Al B sl ko
XU B e kR, Ze O H Al A BRI 25 . C 4
iy A BRAER K, A O T g 9 A S TR . SUAT IR G
EFF ML AE 36 ~37.5 C o S8 LB J5 i U3 Bk
LW (0. 25 ml) 7 1L 4T 4 #7 . p (0,) <90 mmHg
HAPALLT 8, BE 10 min J5,C 4 L2
mL/h 3B SEHE TR CHAHFEA0.02%
i A A 0. 2% 3R I R TR S R R, B R 8
/NTF 10 mmHg/min, § 5 5 3 K S 2 gk B
( mean aterial pressure , MAP) [%& & 50 ~ 55 mmHg Jf
T, M 4E RS B I 2 AN AE o 10 min J5 45 41
e By ok ik o, DA 4x B i 7 60 mL/ kg MR R 3T
U (R I 4 S i o O L B 4 A R )
FEFEHIAE 10 ~ 15 min, WA 60 min J5 C 414 1k
B v AR AR K CH AL R B R OCCH IS Bk
W (0.25 mL) F7 1M < 20 7 OF 191 iy 6% 7% & Kk 3
¥y ,MAP [o] J} & 50 mmHg DA F 4645 1 h, 48 &
(]R8
1.3 24 h 547 W8 L IRA B AL 2

10 % 7K 5 SATHE R I, 5 0 M M 1B 5 B0 1T
HETEAT AL 2R A T 3 BRAR BB, AR U A B ER K
4% Z 5 PBS ¥ (4 °C) W TE [ 2, O I

HA W KA, THLXET mm K 4
mm [f] 5@ ARG, B E R A, R 4 pm,
1.4 FAREHFHL(HE) R EA R TARED
CAl R je % &

R AR AN RN i R L 7}
B A ROBERKUE, BARRGEA S min, H KK
FEVE 1% BRI RS 73 1L 20 s J5 B R K ik, 4k 1]
1% W @K HE 30 s, 281K th Pk 15 min | 421K
Pe 3 min, [k K M ¥E 1 min, J5 # 5% W & B
K, ZHZRE B, AR B R, O BT R UL 564
RAMAZREG, BRFEREAFHLA,
1.5 S &4 BT K S M bel-2 F= caspase-3 &
B8 Rk

M A U0 R OGRS R OK R, B
30% H, 0,75 /K #i B 10 )5 iR BFH S ~ 10 min,,
DL IR PR, 22 TR K Wik 2 min x 3 G R A
0.01 mol /L A ¥k IR £k Z& b W 10 5 I o A4 =2 9k i
Je Wi H , TE) BR S min J5EE A 2 WK, R A S PBS U
Y5 min x 2 ¥K:5% 25 L35 194 13 ( bovine serum
albumin ) & P A 35 (ZE ) ,20 min 5 X 2R
WK, AN Bk W i bel-2 — 45T (1:100 ) ( Santa Cruz
N T) ) B caspase-3 — 3 (1:100) ( Cell Signaling 2y
Al) L4 CHEF A, AT PBS P % 2 min x 3 3K, Bl
PR BT PBS AU —$0 5 T AR W R Akl A b
f TgG,37 CHEH 15 min, PBS PEi% 2 min x 3 ¥X;
HWmegEE kMR- AEYR-TALDBESY
('strept avivin-biotin complex , SABC ) & #],37 °C 5%
A 20 min, PBS Pk 5 min x 4 ¥C; 8 C E Y
AR IR (3, 37 -diaminobenzidine , DAB ) = J&
LSO N D A T S 1/ R LRV DI N7 NI
ge oK, EN, B OB . B R A
MIAS Pz ] 8144 53 A 8 21 & 40 i 1 7 34906 %5 B2
(B RN o BEOIARAS 26 25 W 5Kk U0 R, B 9K U Fr Bl BL
R A ARy 4 AL IR ME
1.6 mfe &

M UL AU LR =K S, HE A
B K %AW =B M F 20 min, PBS P % 5 min x 2
®,0.3% H,0, H 18 % W % I % 5 30 min, BH 7
PR P S SR A W T, T80 AN, AR S T PBS UE R S
min ; PBS ¥k % 2 W, 45T R AR R B R oK, T
TUNEL S W (b st i A= AR A R 2\ (B
P B BT E S AR ) s w B R, TR &
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137 CHEE 60 min; PBS #k 5 min x 3 %K, T
FEA JE B K, i A6 A6 ) -POD i 35 35 3% A, F
BT 37 CHE 30 min, PBS #it 5 min x 3 K ;
A DAB JEW W, E iR F 20 min, PBS a5
min x 3 K, HRARRRE LY )5 EH . LB TR
W55 AN AN EZ M E, i 40% S CA1 X TUNEL
BH A 41 i 450 A0 40 i 8%, 1T 55 0 T 45 2 (apoptosis
index , AT) , AT = TUNEL [ ¥ 48 ifd £/ 28 Jf1 S8k x
100% .
1.7 %itzan
TR ES A MEE M x 25 £, EIER
AR I M(QR) R o FF A IE 2 F oy 22 571k
FUPEAN R R 22500, W LL i
SNK-q # 55 , 241 [A] bb 42 R FH W Al 57 FE A ¢ K 56, R
5 H 2% (R B 4 P9 b 8¢ Kruskal - Wallis H Ky 55, 41
(8] % B Wilcoxon #: F1 46 I8 . % H SPSS13. 0 % it
BAEH,P<0.05 hEFHGEITE L.

2 % ES

2.1 MAP % 4t

25 4K R ST W I S i Rl MAP {1 45 4 8] JC 48
W% ER(P>0.05);C,,C,,C,H ,H H 4
MAP { (mmHg ) [ M (QR) &R ] 70 5% 4 77 (39 ~
98),70(44 ~86) ,36(32 ~72) ,46(39 ~55),43
(33 ~49),33(28 ~35) mmHg, 1 C, 4% C,
40.C, 41k (P<0.05), H, 41% H, 41 H, 4%
(P<0.05); H 415 C, Atk H, 415 C, dH#K.
H, 415 C, A, i &K )E H MK (P <0.05),
2.2 3Rk B 5 AT

25 2R SRR I I 1 356 Ak 1 <45 AL TH) TC 4 0 o 25
LA 2 WPk S, Het { Hy 205 H, 4H %
A X (P<0.05);BEHC, 5 C, 4H.C, 4
P2 AT L (P <0.05) ,Hy, 4% C, 41 . H,
4 OH, A ERASIFE (P <0.05,%1),

x1 6 MAFE2 XFPFMSK (X £s5)

Tab. 1 Second arterial blood gas from 6 subgroups(x +s)

c4 H4
T H
G, 4 C, 4 Cd H 4 H, 4 H, 4
pH 7.33 £0.01 7.31+0.03 7.28 +0.08 7.34 £0.02 7.32+0.01 7.28 +£0.06
p(CO,)/mmHg 41.9 £3.6 44.7 £4.5 41.0 £3.6 47.1+2.8 44.4 £7.0 44.5 £4.4
Sa0,/ % 93.7+2.4 96.0 +2.4 94.7 +2. 1 95.9 0.8 95.8 2.4 93.4 2.6
p(0,)/mmHg 98.5£2.7 101.1 +4.2 95.0 +4.2 98.4 4.7 95.3+3.8 99.2 +5.6
Het 0.38 +0.04 0.36 +0.04 0.33+0.04 0.37 £0.02 0.34 +0.03 0.31£0.034
Hb/ (g/dL) 12.3+1.4 11.5+0.7 11.0£1.0 11.8 0.6 11.1+1.2 10.3 0.5
BE -0.7+1.5 -0.5+1.3 -5.0+3.2%4 -0.6+1.0 -4.1+1.6 -9.9+1.84%%
Na*/(mmol/L) 140.5 +4.0 137.8 1.2 139.4 +2.3 139.2+1.9 138.6 +2. 1 138.0+2.3

Sa0, : YA BE B4y ; Het: L0, 5 C, 4lHbER, *+ P<0.05;5 C, 401k, A P<0.05; 5 H, 41114, A P<0.05;5 H, 4t

i # P<0.05; 5 Cy 4HIHLHK, % P<0.05,

2.3 A/FE
Hy HAET- 1 2, FARE 12 h Wab T, g
SR, AR H A
2.4 HE & AETUREDL CAl R@pts
H, 417715 % ¥ 5 CA1 X A 5] A% )3 40 i % B
R R D | & i N I IS B G N ST AN
THRE T BT AR M, A I 4 IR G, HoR R RS
CAT XM 2 240 i B 25 L %%, HE 51 % 5%, Mg A% R
[, 4% A=A T M A% v 18] 3 06 AT DL, 46 B L TR) B
HEE L),

2.5 RBEMBAF F ¥k H M bel-2 Fo caspase-3
EA-E S

Bel-2 35 1 2 35 BH 1R M ¢ 01 &0 1 3 (5
SHYAMMERE, UH AREEV1E, 5 C
HoH H H A BEERASEITFEL(P <
0.05) (% 2,8 2) ; caspase-3 & H % ik FH 1% 0 iy
WU AE T, C 4Uf H) 4 H, 4357 /D 5 1
Foik,H, A HEA IS 2 50 H, 4 H,
FAGITHEX(P<0.05),5 C, 41l #2%R»
AHRITFEL(P<0.01)(F£2,K3),
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%2 648 bel-2 #0 caspase-3 3 HZEE[M(QR) ]
Tab. 2 Mean optical density of bcl-2 and caspase-3 from 6 subgroups [ M( QR) ]

C4 H 2
TiH
C, 4 C, @ C; A H, 4 H, #H H; 4
Bel-2 0.28(0.11 ~0.29) 0.21(0.15~0.34)  0.20(0.17 ~0.24) 0.22(0.11 ~0.42)  0.20(0.15~0.45)  0.40(0.34 ~1.04) *&*

Caspase-3 0.19(0.13 ~0.43) 0.26(0.12~0.43)  0.21(0.16 ~0.33) 0.21(0.15~0.38)  0.22(0.15~0.78) 0.33(0.25 ~0.78) * 4%

5H, 4lH#, « P<0.05;5 H, 41H4, A P<0.05; 5 C; 414, # P <0.05,## P <0.01,

Fig. 1 Morphology of hippocampal CAl neurons by HE staining. A:Group C,;B:Group C,;C:Group C;;D:Group H,; E;
Group H, ;F:Group H;.

/ P 8 L0 SR ) 3 7 “r.v.-.: o ‘ifﬁ"‘d bdand .‘w“ g

B2 SERALALZFEREN b2 Rik, A: €, 4;B: C, 4;C: C, 4;D: H, 4;E: H, 4;F: H,y 4,

Fig. 2 Expression of bcl-2 in hippocampal CA1 region by immunohistochemical analysis. A :Group C, ;B:Group C, ;C:Group
C;;D:Group H, ;E:Group H, ;F:Group H,.

fis



PERIPERRE IR T R AR BRI S CAL KA T mg Bk, 5% 67

2.6 TUNEL 9## % CAl R fa ey )4 o (26+2.5)% ,(2.9+2.0)% ,(5.4+2.2)%,

TUNEL BH 1 2 35 S 44 M 4% b5 8 €5, €, 4 . (3.1%£2.2)% ,(5.1+3.0)% ,(16.3 £5.7)% .
C, 41 .C, LA H, 41 H, 41 5 CAT X {8 I # HH5C 4H . H A H AUBERARITFE
16 BH 40 0, Hy 41 PH M40 i s 3 2 AT R IR X (P<0.05)(K4),

2 N i RS i b ' O -.ésiu" a B N 5

B3 wEAAKERRN caspase-3 Riko A: C, 21;B: G, 4;C: Cs 41;D: H, 4;E: H, 24 ;¥ H, 2H.,

Fig. 3 Expression of caspase-3 in hippocampal CAl region by immunohistochemical analysis. A:Group C, ;B: Group C,;C:
Group C; ;D :Group H, ;E:Group H, ;F:Group H,.

Fig. 4 Apoptosis cells in hippocampal CA1 region by TUNEL staining. A :Group C, ; B:Group C,;C:Group C;;D:Group H,;
E:Group H, ;F:Group H;.
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', Sperry S5 ¥ 4R S G R A K R MAP [
3 1 it % 50 mmHg 4+ 10 min J5 P50 20 % , 4k 22 4

il 37 41 BE L4 9K M A, T T A o R R
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T35 o FEVD A BB 350 5 3l Bk 25 4L 10 min & B
S W e i A B | caspase-3 [ il E M B &L SD
K BRI B Bl Kk 2 FL IR B O 4 FF 4 B MAP
40 mmHg , 4k #5 1t 33 8 45 min, B3 24 h w25
KJE N, O Jof I 20 ¥ E 20 23000 21 3% 16 /Y caspase -
3P HEA N T

ARSI Hy HAE T 5 24 h B A DU 31 K =
bel-2 323k, 4 7 45 i Pk % Ik 4E £F MAP 50 ~ 55
mmHg J5 2% ifi. 30% W] if5 3 i & CA1 X 76 7 3 I
FU bel-2 8 (1 3R 36, DL AR 97 3% IX Bk I 28 0T .
{H [) B A5 2] caspase -3 19 3% 35 2 TUNEL % 8 [H
PE 20 M, U BT H, 2 A7 7E I R R A R 45
F R . Bel-2 @3RIk I K BE AL — 300 4 A0 i O
B fr iz, A] RE 5N B I ) R R A OG . A BEIE
C57Black/ Crj6 FLAfMN LM 3,6,8 min, ¥ F#E 1F
48 h Z B, bel-2 H H R IXTEH M 3 min ZH 3 X4 A7
HPEA ETF, AR 6 min 40K A1 £, 7E B
8 min 41 A 1 £, (H JL i 2 & 3] TUNEL 3% 35
B &

ARSI Hy 4L H, A 85 R R R 10%
M 20% KL, A5 K CAT X 4 i 12 ) &

FF W s 245 9 8 SR 8 G DN 21 G i i, 9 4 O G ek
Ao Hy U CAT X410 A 98 T 9 & A2 UE S A i
B . [ R I 30% , #E C, 40 # MAP /K
SFATh A i B I 00 R HE E L, Hy 413 MAP KT G,
EAEIE I | DA N7 AR 2 < = Al | R = IE= O I
55, i 5 B 3 D A OR A O U R 9 /R © AN e
EAE AT, Bl ol 3 5 BE MAP (% B IR 52 G 35 4 M e
o AN H A BE S C AR 225 A &
HE (P <0.05) , YL UL i &4 T g AR E
Lo Michenfelder 25" 7& Jy f) 4 1 ¥k [ J& #F 5%
KB, 20 R AR B — o R A, IR I X
Al AR Y B2 e 5T R 0 B R 25 4 5 T E %
HHRF . B H, LR T 60 min B MG RS H
G 28 28 A= T G A, 5 T CAT DX 4 IR T
&

g5 b A A A A SR s R IR R R R
RS I 30% Wi S o CAL X 41 i = W &
A, B RE R K il AN BB T 52 30 % 1 4% 1, A i P
IPf R TR, R I 30% Wl RE b 5 R R R IR T 2k
I A B o TR R s i A R R A o X £ R
fiF 8 H, 44 MAP 33 mmHg 7] B8 2 fili £ 14 1 & 16 15
5o I DR e 4 P R e B N % U0 W R R
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